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A BSTRACT 

Femurs of 73 Ga/lotia galloti caught in different local i t ies and belonging to two subspecies l iving in Tenerife 
(Canary I slands) were ana lysed by ske letochronology. The bones possessed annual rings l ike in many other l izards. 
For a h igh percentage of individuals,  a remnant of  the embryonic bone and a birth l ine of arrested growth remained 
present throughout life because cort ical resorption never completely removed the first annual rings. Thus the age of 
an individual can be directly calculated from the  number of lines of arrested growth.  I n  the sample s tudied here, the 
o ldest l izards were at least  8 or 9 years old.  They reached sexual maturity during their second or th ird year of l ife .  

I NTRODUCTION 

There are many papers on distribution, systematic, 
phylogeny, microevolution ( e.g. Bohme & Bings, 1 975 ,  
1 97 7 ;  Bohme & B ischoff, 1 976; Bohme et al., 1 98 1 ;  
M olina Borja, 1 98 1 ;  B ischoff, 1 982, Castroviejo  et al., 
1 985 ;  Baez & Thorpe, 1 985 ;  Thorpe  et al., 1 985 )  and 
some behavioural aspects ( Bohme et al. , 1 976) of the 
extant l izards of the  genus Gal/01ia ( A rnold,  1 973)  
from the Canary I slands .  In  a special symposium,  
recent ly  he ld  in Germany ( Bohme & H utterer, 1 985) ,  
on the  herpetofauna of Canary I slands,  more t han half 
of the  t wenty six papers presented dealt with t he extinct 
and living species of Gallotia. Studies on the ecology of 
these lizards are still scarce though. 

In this prel iminary paper, the  su bspecies G. g. gallori 
from the south s lope of Tenerife I s land and 
G. g. eisentrauti ( B ischoff, J 982), from t he north slope 
of the I s land were studied.  The species occupies t he 
most diverse habitats on the island, from the seashore 
up to the highest peaks ( maximum alt i tude: 37 1 7  m ) .  
The density of the  populations i s  normal ly very high . 
These l izards are omnivorous although adults are 
predominantly frugivorous, whilst young are pre­
dominantly insectivorous. The reproduction in 
G. ga/loti begins in spring and cont inues throughout 
the summer when the fi rst young animals appear. The 
number of eggs laid by the two subspecies studied 
varied between three and six.  
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The method used t o  assess age, longevity,  t ime of 
maturity and growth pattern was skeletochronology 
( Castanet et al. , 1 977) .  This method has already been 
used in many other lizards s tudies (e.g.  S m irina,  1 974 ; 
Pi J orge et al. , J 98 1 ,  Castanet, 1 982;  N o u i ra et al. , J 982; 
Cheylan, 1 984; Casti l la & Castane t ,  1 986). 

M ATER I A L A N D  M ETHODS 

T h e  gen u s  Gallotia is endem i c  t o  t h e  C a n a ry I s l a n ds 
a n d  comprises fou r  ex tant  species :  G. simonyi, 
G. s1ehlini, G. atlan1ica, and G. gal/Oli. The  l a t t er 
i nh a b i ts t h e  i s lands ofTeneri fe ,  La P a l m a ,  La Gomera 
and H ierro. For more i nformat i on see B a ez ( 1 984).  A 
t o t a l  o f  76 G. galloti ( 39 ad u l t m ales, 2 3  a d u l t  females , 
1 4  juveni les  of u n k nown sex) of va r iou s izes were 
caught  i n  different months  of t h e  year  a n d  from 
d ifferen t  p laces  and a l t i t udes on Tenerife ( Fig .  1 ) . Th e  
l izards,  were p reserved in 70 per c e n t  a l cohol  a n d  were 
also used for other b io logica l  s t ud i e s .  A l l  speci me n s  
were of u n k nown age.  A prel i m in ary s k e letochro n o­
l og ica l  a na lys i s  was made o n  four  l izards ( n ot i ncluded 
here)  to det ermine  whet h er t he femur ,  t he h u merus or 
t h e  pha langes had the most rel iab le  bones growt h 
pa t t ern for t h e  purposes of t h is s t udy .  T h e  fem ur, 
where  ske l e ta l  grow t h  marks  have t he m os t  l egi l i bi l i t y ,  
w a s  chosen for t h e  w h o l e  sample a n a l y s i s  b u t  u s e  of 
p h a l anges i n  fu t u re eco logical  s r n d i es rema i n s  a rea l  
poss i b i l i t y  i n  t h is spec ies .  A ft e r  remov ing  t h e  m usc les ,  
t h e  fem urs were demineral ised for I 0 hours in  5 per  cent 
d i l u t e  n i t r i c  aci d .  A sect ion measuring about a q ua rt er 
of t h e  lengt h of  t he bone was removed wi t h a razor 
blade at t h e  level of t he d iaphys is .  The bones were cut  
wit h a freezi ng m icrot ome i nt o  sect ions  of t wenty µm 
t h i c k .  They were s ta i ned for t h i r ty  m i n u t es w i t h  
E hr l i ch's  hemat oxy l ine .  T h e  m i d  d iaphys i s  h a d  t h e  
h ighes t  ra t io o f  ex ternal  d iameter  to  medu l l a ry cavi ty  
and s o  provided the bes t  defi n i t ion o f  the  l i nes of 
a rrested gro w t h .  A bout  t wen ty  sect ions  from t h e  m i d  
o f  each ind iv idua l  d i aphys is were m o u n t ed w i t h  

Fig. I Tenerife. Number o f  l izards from each s i t e .  S haded 
a rea = distr ibution of the su bspecies C. g.  eisen1rau11· (38) .  
G. g. gal/01i are i n  the  white area (42) .  

aquamounting medium for microscopic examination. 
For accurate comparison, one s l ide of each individual 
was photographed at the  same m agnification. 

R ESULTS 

The bone structure of G. galloti was s imilar to that 
of many other Lacertidae. In the fem oral or humeral 
diaphysis the periosteal cortex was avascular and 
consisted of a compact parallel-fibred bone tissue.  l n 
some old individuals this bone can become sub­
lamellar.  I n  the  phalanges, the diaphyses were 
com monly composed of a true lamel lar  bone tissue.  
This histological difference (e .g. A mprino, 1 947; 
R icqles, 1 968, 1 975 ,  1 976; Castanet , 1 982; Castane t 
e1 al. , 1 987)  indicated t hat the  rate of bone depos ition 
was lower in the  phalanges than the femur or the 
humerus. 

All three bones showed an endosteal resorption 
process. For juveniles younger than one year and some 
older l izards, th is resorption process was seen in on ly  
one part  of the medullary cavity. On the other part we 
observed the deposition of endosteal and t yp ical 
lamellar bone laid down after a small  bit of resorption 
(e .g .  Fig. 7) .  A typical scal loped cementing resorption 
l ine separated this endosteal bone from the outer peri o­

steal  cortex ( Fig.  6).  This overal l  remodelling process 
l ead  to  t he progressive d rift of the bone centre d u ring  
growt h .  

O n  t h e  reconst ructed s ide ,  t h e  embryonic bone was 
a l ways part ial l y  preserved, even in  t h e  o ldest 
specimen  . As in many ot her  l izards, t h is embryonic 
cortex was made of a rather woven fibred bone t issue 
and appea red clearer ( i . e .  less hematoxyl inophi l i c )  
than t he ot her  par t  of t h e  outer  per iost  ic con ex  
( F igs .  3 ,  4 ,  7) .  H ematoxy l inoph i l ic L ines of A rrest ed 
G ro w t h  ( L A Gs) were present  in every bone and 
s howed different patterns of spatial arrangement 
( F igs . 3, 4,  5, 6,  7) .  For the species used in t h i s  s tudy we 
l ack  data concerning the exact periodicity of t h e  
L A Gs,  b u t  previous studies with tempera te rep t i l es 
and amphibians (e .g. Francil lon, 1 979; B uffren i l ,  1 980; 
Hemelaar, 1 98 1 ;  Castanet ,  1 985 ;  Franci l lon & 
Castanet , 1 985 ;  H utton,  1 986; Zug e! al. , 1 986) have 
shown the annual ( winter) LAG deposit ion. We 
ass u m e  a priori that LAGs were a lso annua l  for 
G. gal/011·. J n  most of the lizards examined, LAGs a re 
general ly well defined.  Somet imes they appear as a 
double l ine (e.g. F ig. 7) which general ly indicates a 
s in gle year of growth ( Castanet, 1 982).  

In a l l  specimens we observed a first dense 
hematoxylinophil ic line surro u nding the embryonic 
bone. There was the s ingle L A G  present for the three 
l izards caught in November (No .  456 - Fig. 2) ,  
February ( No. 96) and M arch (No.  1 60) .  On the basis 
of their size, proportions and date of captu re t hese 
l izards were considered to be less than one year old. We 
presume that in the genus Gallotia, this l ine which 
surrounds the embryonic bone corresponds to a 
hatching line, as in other l izards previously examined 
(e .g .  S mirina, 1 974; Castanet, 1 985). For lizards No. 96 
an d No.  1 60, osteogenesis probably had not started 
when they were caught .  This might explain why the 
L A G  of the first winter ( which p robably corresponds 



220 J .  CASTANET AND M .  B AEZ 

/ 

© 
Figs .  2 10 7 Ca//01ia ga//01i S u ccess ive growth  s tages of t h e  
femoral  shaft .  Each p i ct u re except fo r N o .  2a  i s  a t  t h e  same  
magnifica t ion .  F ig .  2a  and  2b L izard No.  456 .  Young  of  t he 
year caught  i n  November. A s i ngle L A G ,  b i r t h  l i n e  ( b l ) , can 
be seen near t he periphery of t he bone .  Fig. 3 No.  l 2, J uveni le 
caught  i n  J u l y  and  proba bly a bout  one year o ld .  The bir t h 
l i n e  a n d  t h i s  of t h e  first w in ter  ca n be seen .  The w h i t e  arrow 
shows t he embryon ic  bone.  Fig.  4 No. 2 1 0,  caught  in A pr i l .  
Three L A G s .  2 t o  3 years o ld  (according t o  the  u n k nown 
bir t h date) .  The t h ird is  very near the periph ery of  the bone. 
E m bryonic  bone is p rese n t .  E ndostea l  bone depos i t ion  i s  j ust 
a t  t h e  begin n i ng (e .  b.) .  Fig .  5 N o .  1 72 ,  caught  i n  M arch ,  
4 L A Gs.  3 to 4 years o l d .  Fig .  6 N o .  4 4 ,  caught  i n  A ugus t .  
4 L A Gs .  A bo u t  4 years o ld .  The  spa t ia l  seq uence of year 
r in gs is d i fferent  from t ha t  of Fig .  5. Bone deposi t ion  is 
probably  not  yet fi n ished at t h e  periphery.  N ot ice an 
add i t iona l  hematoxy l inoph i l ic  l i n e  close to t he L A G  No. 4 
(c i rc le ) .  Fig .  7 No .  3 2 .  One  of t h e  oldes t  l izards caught  i n  
A ugus t .  8 L A Gs can  be cou n t e d .  The  L A G  of t h e  first w in ter 
is t h i n .  The fou r th  a n d  t h e  e igh t  a re doub le .  Th i s  specimen is 
a t  least  a n  8 year old one .  e.b. = endosteal bone. 

to  t h e  t ime  of decreasing growth rate for G. gallon") is 
not yet d is t inct from t h e  bon e  periphery.  

For a l l  the  other i nd iv iduals  which had experienced 
at least one winter and which were caugh t  during t heir  
growth period (A pri l , M ay ,  June . . .  ) ,  t he  bon e  beyond 
t h e  birt h l ine  general ly  showed a LAG which 
corresponds to  t h e  firs t  winter  ( Fig.  3) .  D epend i ng on  
t he ind iv idua l ,  t h e  b i r th  l i n e  a n d  t h e  fi rst  w in ter LAG 
appeared c lose together or wel l separated.  B elow we 
discuss the  sign ificance of t h is feature. In  genera l ,  
L A Gs I t o  3 o r  l t o  4 were separated b y  a l a rge 
i ncrement of bone due to t h e  very fas t  bone growt h 
from the  fi rst t o  t h e  t h ird ( o r  fourth )  year of l i fe.  A fter  

the t h ird or four th  LA G ,  the bone t h i c kness between 
successive LAGs decreased (Fig.  7) .  This phenomenon 
was re lated t o  the d ecrease in  growth rate  of adults .  
This  'break '  in t h e  spat i a l  sequence of the L A G  (e .g .  
Cas tane t ,  l 982)  suggests  tha t  i n  G .  gallori sexual 
maturity i s  reached before t h e  third or the fourth year 
of l ife.  

In t he present sample ,  the oldest l izards (N os. 30; 32) 
showed 8 (or 9 )  L A G s  ( Fig. 7) .  Therefore ecological 
l ongevity of  G. galloti was a t  least  8 or 9 years. 

D l SCU SSJON 

In t he present study we not iced t ha t  the s ize of 
l izards progressively i ncreased w i th  age unt i l  t h e  t hird 
t o  fourth age group ( Fig .  8) .  A ft er t his age we observed 
very l i t t l e  further grow t h  in adul t s .  This i s  a general 
phenomenon in poi.k i lo thermic  an ima l s  after sexual 
maturity.  Jt i n d icates  once again that s ize cannot be a 
rel iable criterion for age determinat ion in l izards . 

• ..! 
j I 

� . 1 

I. l, ! l I • 
\00 

I. 
It 

• 

l l 

I •o .. 

• .. 
Att (yur>) 

Fig.  8 G rowt h curve of Ga//01ia ga//oti from Tenerife .  Each 
point  corresponds t o  the average of  i nd iv idua l  sizes (and  
s ta ndard deviai ion)  for the  d i fferen t  age  groups est imated by  
s k eletoc hronology. B eca use of t h e  s m a  1 1  n u m ber of  an ima l s  
and  t h e i r  heterogen e i ty  (2  su bspecies, d i fferent a l t i t u des, 
male and fem ales) it was not poss i ble to separate t he 
d ifferent categories. 

One of t h e  m a i n  problems encount ered in t h is 
analys i s  and a lready d i scussed i n  re lat ion to many 
ot her species of l izards was  t h e  pos i t ion  of t h e  first year 
LAG and its rel a t i on t o  the birth l i ne .  The t h ick n ess of 
the  bony crown between t hese two l i nes corresponds to  
t he durat ion  and in tens i ty  of growth during t h is period 
( Pi lorge & Castane t ,  1 98 1 ;  N ouira el al. , 1 982 ;  
Casta n et & G a-St:� 1 9-85) .  A s  growt h stops a t  the  same 
t ime  of t h e  year  (genera l l y  i n  w inter) ,  i t  appeared that  
t h e  hatch ing period was spread t hroughout much of 
t h e  ear ly  spr ing up t o  the  begi n n i ng of autumn.  
H owever, in  few ind iv iduals ,  t h e  dis tance between t he 
birth l ine  and the  firs t  LAG was so l arge that  i t  can 
only correspond to  a ful l  one year growth .  J n  t h ese 
condi t ions ,  t he  fi rst LAG encountered would belong 
to the second season of  a rrest ed growt h .  Two 
hypot h eses can be proposed here. First ,  t h e  l izard was 
hatched la te  in autumn and no osteogenesis occurred 
unt i l  t h e  first  w in ter.  T n  t h i s  s i tuat ion t h e  birth l i ne  and 
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t he fi rs t  w in ter  L A G  w o u l d  be merged.  S econd ,  as  
a l ready s ta ted  before, t h e  LAG of the fi rst winter  i s  
genera l ly  l e s s  d i s t inct t han  t h e  l ater o n e s  (Castanet  & 
G ase,  1 98 5 ;  Cas t i l l a  & Castanet ,  1 986)  or, somet i m es ,  
comple te ly  l a c k ing.  T h i s  phenomenon c o u l d  be re lated 
to t h e  cont i n u at ion of the grow t h  d u ri n g  t h e  fi rs t  
w i n t er, owing t o  t h e  strong i n t r ins ic  growth of t he 
j uv e n i l es ,  which wou l d  reduce t h e  i n fl u ence of t h e  
adverse environmenta l  con d i t ions .  H owever, present ly  
t here are no rigorous da ta  to t est  t hese hypot heses 
a l t h ough based on l izards 1 60,  456 and 96,  t he fi rst 
hypothes is  seems here bet ter  t han t h e  second one .  
Conseq u ent l y ,  for some i nd i v i d ua l s ,  the age oft  h e  first 
L A G  beyond t h e  birth l i n e  rema ins  uncertai n ,  a n d  
t h e i r  a g e  i s  est i m a t ed w i t h  a pot e n t i a l  m a rg in  of error 
of one yea r. 

J n  our  sample ,  ma les  a n d  fema les  from both  h igh  
a n d  low a l t i t u des somet imes  showed doub le  randomly  
d i s t r ibu t ed LAGs ( F ig.  6 ,  7 ) .  The ca use  of t h is rem a i ns 
u ncert a i n  (Castanet , 1 982) .  B riefly ,  i t  may be re lated to 
i nd iv idua l  var i a t i ons,  pathologic  i nj ur y  or atypica l  
c l i m a t i c  con d i t i on s .  I t  may a l so  correspond t o  t wo 
periods of arrest ed growth in a year ( h i b ernat ion  a n d  a 
es t i  vat ion ;  see Caetano et al. , 1 985 ) .  We s u ggest t ha t  
t he l a t ter  exp lana t ion i s  p l a u s i b l e  for at leas t  some 
i n d i v i d u a l s  bu t  confi rmat ion would h ave to  come from 
appropr ia te  fi e ld  observa t ions .  A nyway, t a k ing 
accoun t  of prev ious res u l t s  a n d  experi m e n t a l  da ta  on 
l izards (e .g .  Castanet , 1 982,  1 985 ) ,  each double  LA G 
o bserved can be co u nted as one year wi thout  
a m bigu i t y .  T h u s  t h e  error in  age  de term i n a t ion for 
i n d iv idua l s  w i th  such supp lemen tary L A G s ca nnot  
ex cred one year .  

A not her phenomenon encou ntered i n  t h is  h i s t o­
l og ica l  a n a lys i s  was t h e  great va r iab i l i t y  o f  the  spat i a l  
a rra ngement of t he LAGs .  Two m a i n  patterns were 
recognised .  Jn t he first ea e,  a l l  L A G s  were re l a t i ve ly  
c lose t oget her,  a n d  in  t. h e  second cas e  t hey were very 
far apart . I t  i s  d i fficu l t  t o  i n t erpret t h i s  var i a b i l i ty  
bet ween the  d i fferent ind iv idua l s  and to propose some 
ca usal  rela t ion wi th a ny part i cu lar  para m et er s u ch as  
sex  or environ menta l  cond i t ions because  the  two 
pat t erns a re shown by a rat her eq u a l  n u m ber o f  m a l es 
a n d  fem a l es or l i zards from d i fferent a l t i t u des,  or fro m  
t h e  sou t h  a n d  t he nort h of t he I s l and .  Of course several 
fac tors may exp la in  such feat ures . One of t h em is  t h e  
varia t ion of growth rate d i rect ly  rela t ed t o  t h e  
genet ica l  programme o f  each indiv idu a l .  A n ot h er 
fac tor may be con nected w i t h  t he ind iv idua l  
compet i t i o n  for food.  In  fact ,  i n  Tener ife,  t h e  
p o p u l a t ion dens i ty of G. ga/1011· i s  very h igh  ( i n  some 
pla ces i t  reaches more than 500 i nd iv idua l s/ha),  and 
perhaps the  supp ly  of food is in su ffic ient· for a l l  t h e  
l izards,  a l though M ol ina  Borja  ( 1 98 5 )  fou n d  a great 
food ava i l a bi l i t y  i n  t he areas where h e  s tud ied 
G .  ga/loti. M oreover we must  not  forget t ha t  the  
sample  s t ud ied  here does  not  come from a 
homogenous popu la t ion a n d  fin a l l y  t hat i n  t h e  various  
p laces where t h e  l izards were caugh t ,  the  m icrocl imates 
are often d i fferent and can lead t o  some d i fferences i n  
t h e  ind iv idua l  growt h patterns .  I n  order t o  m a k e  a 
more mean ingfu l  comparison of t he s p a t i a l  seq uence 
o f L AGs,  it wou l d  be be t ter  t o  use  ind iv idua l s  from t h e  
same l oca l i ty .  

The intensity of endosteal resorption i n  Lacena 
/epida (Ch ey Ian,  1 984; Cast i l la  & Cast anet , 1 986) leads 
t o  t h e  removal of the  fi rst and someti m es the second 
L A G ,  and occurs along the e ntire border of t he 
medullary cavity. In G. ga/loti, t h e  endosteal  resorption 
was eccent ri c  (Fig.  7) and conseq u en t ly a part of the  
e m bryon i c  bone  a n d  t h e  L A Gs beyond i t ,  permanent ly  
rema i n  in  some regions t h roughout  l i fe, except  in  
2 per cent  o f  t h e  lizards. In  L.  lepida t h e  endosteal  bone 
depos i t ion  i s  scarce or Jack i n g, but  in  G. gal!oti some 
l a m e l l a r  endostea l  bone occurs just beside t h e  
em bryonic  b o n e  in  a d u l ts .  Th i s  fact i s  i n terest ing 
beca use:  firs t ,  for G. ga/loti no ' ba c k  calcu lat i on '  to 
assess t h e  age of t h e  first l ine encount ered is  necessary 
( e .g .  Castanet & C h ey I a n ,  1 979) ;  second, t h is 
h i s tological  d ifference probably const i t u tes a d is t inct ive 
character  between two species (L. lepida and G. gallot i) 
close ly connected by s ize,  growth  a n d  longevi ty .  This 
c h a racter  could be very useful i n  the case where only 
the bones from foss i l s  specimens wou l d  be ava i lab le .  
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